► This study collates up-to-date prevalence estimates of potentially inappropriate prescribing, comorbidities and medications in people living with dementia. ► The structured approach used to identify relevant studies was applied to the most widely used databases. ► The inclusion criteria aimed to ensure high-quality research was included in this review. ► These criteria, however, may have restricted the number of studies included in our final selection. ► Study heterogeneity means that prevalence estimates must be viewed as a guide for discussion, and not as accurate estimates.
AbStrACt
Objectives Dementia frequently occurs alongside comorbidities. Coexisting conditions are often managed with multiple medications, leading to increased risk of potentially inappropriate medication and adverse drug reactions. We aimed to estimate prevalence of, and identify factors reported to be associated with, potentially inappropriate prescribing (PIP) for older individuals diagnosed with dementia. Design We used a state-of-the-art review approach, selecting papers written in English and published from 2007 to January 2018. Publications were retrieved from Scopus and Web of Science databases. Inclusion criteria included a formal diagnosis of dementia, a formal classification of PIP and reported prevalence of PIP as an outcome. Random effects models were used to provide a pooled estimate of prevalence of PIP. The Appraisal tool for Cross-Sectional Studies (AXIS tool) was used to assess bias in the included studies. results The bibliographic search yielded 221 citations, with 12 studies meeting the inclusion criteria. The estimates of PIP prevalence for people living with dementia ranged from 14% to 64%. Prevalence was 31% (95% CI 9 to 52) in the community, and 42% (95% CI 30 to 55) in nursing/care homes. PIP included prescribing likely related to dementia (eg, hypnotics and sedative and cholinesterase inhibitors) and prescribing related to treatment of comorbidities (eg, cardiovascular drugs and non-steroidal anti-inflammatory medication). Higher levels of comorbidity were associated with increased risk of PIP; however, only one study investigated associations with specific comorbidities of dementia. Conclusion PIP remains a significant issue in healthcare management for people living with dementia. Higher levels of comorbidity are associated with increased prevalence of PIP, but the specific conditions driving this increase remain unknown. Further work is necessary to investigate PIP related to the presence of common comorbidities in patients living with dementia.
IntrODuCtIOn
Dementia defines a group of conditions involving irreversible neurodegenerative disease, leading to changes in cognition, communication and functional ability. 1 The most common form of dementia is Alzheimer's disease (AD), followed by cerebrovascular dementia (VaD), mixed AD and VaD, and other dementias. 2 3 In the UK, prevalence of dementia is estimated at 2%-3% in those aged 65-74 years, but increases to 30%-50% in those aged 85 years and older. 4 5 A diagnosis of dementia often occurs alongside other conditions common in ageing individuals, such as hypertension (68%), chronic kidney disease (stages 3-5; 30%), coronary heart disease (29%) and diabetes (20%). 5 Thus, management of dementia in old age often takes place in the context of managing additional comorbidities. [6] [7] [8] [9] The management of multiple conditions carries with it the prescription of multiple medications. Polypharmacy, often defined as the concurrent use of multiple (eg, five or more) prescription drugs by a patient, is common in people living with dementia, who have an estimated average of 5-10 prescriptions at any one time. 10 11 Polypharmacy in itself is not always inappropriate but adds the challenge of managing the possible adverse side effects of each medication and the effects of potential drug interactions. This can be quite complex and as a result individuals prescribed several medications are at greater risk of potentially inappropriate prescribing (PIP). 12 13 PIP is defined as the use of medicines that pose more risk than benefit, Open access particularly where safer alternatives exist. 14 Adverse drug reactions (ADR), in turn, lead to increased risk of hospital admission and mortality, and higher healthcare costs. 13 15 16 Multiple tools are available to help identify PIP. 17 These tools evaluate prescribing using explicit (criterion-based) or implicit (judgement-based) approaches to identify instances where the presence of medical conditions and medications may lead to an increase in the risk of adverse drug reactions. 14 18 Most tools are developed with a specific interest in older individuals, and differences are often associated with the differences in care and medication available in different countries or regions, for example, the USA and the European Union (EU). These are best exemplified by Beer's criteria developed for the US market and the screening tool for potentially inappropriate prescribing in older people that can alert doctors to the correct treatment (STOPP/START criteria) developed for the EU market. 19 20 An exception to this is the set of criteria developed by Holmes et al, which was produced specifically for people living with dementia. 21 Issues associated with comorbidities and PIP are not unique to people living with dementia, and studies have been published investigating the effects of PIP in older people in acute and long-term care, as well as those living in the community. 14 22-25 However, few studies have focused on the appropriateness of prescribing, particularly in the presence of comorbidities, in people living with dementia. 22 26 Individuals living with dementia are often excluded from large trials due to their age, short life expectancy and difficulty communicating symptoms. 27 28 The sparse information available on multimorbidity, polypharmacy and inappropriate prescribing means that decisions are often made based on studies targeting healthier individuals-evidence that may not be applicable to those with dementia. Consequentially, navigating medication management for people with dementia remains a challenge for clinicians. 27 29 Here, we review research articles published in peerreviewed journals in the past 10 years that focus on PIP in individuals living with dementia. We place specific focus on the common comorbidities of dementia and the prescribed medications most commonly associated with PIP and adverse drug reactions. Our objective is to estimate the extent of PIP in people with dementia, and understand the role of treatment of comorbidities in determining prescribing quality. In order to manage the scope of this review, we focused on studies produced in North America, Western Europe and Australasia. We aim to gather existing evidence and highlight gaps in the information available to support improvements to pharmacological management of multiple conditions in the context of dementia.
MethODS

Search strategy
This is a state-of-the-art review, involving a structured search of current literature. 30 This is a condensed subtype of literature review, providing a comprehensive analysis of current literature (eg, from the past 10 years) but a condensed approach to reviewing the studies. The objective of such reviews is not to perform an exhaustive review of literature but rather to summarise current trends and identify research priorities of interest. 30 We developed a strategy designed to facilitate repeatability and future updates. Search terms were defined for identifying quantitative studies assessing prevalence of PIP in individuals diagnosed with dementia. Search terms for identifying dementia-related studies were retrieved from a Cochrane review on treatment of depression in dementia. 31 The remainder of the search terms were developed for the Scopus database. Search terms were then adapted for Web of Science. Scopus is a database providing access to Science, Technical and Medical (STM) journal articles, including coverage of Medline, Embase and Compendex. As our focus was on identifying recently published studies, the search was limited to the period 2007 to October 2018. The search terms were as follows: ► Title, key words or abstract: dement* OR alzheimer* OR lewy OR cjd OR jcd OR ad OR add OR dlb OR huntington* OR frontotemporal ► AND in the title, key words or abstract: "inappropriate prescribing" OR "inappropriate prescription" OR "inappropriate medication" ► AND in the title, key words or abstract: prevalence OR incidence OR percentage OR rate OR rates ► AND in the title, key words or abstract cohort OR prospective OR retrospective OR "cross sectional" OR "cross-sectional" ► AND NOT in title, key words or abstract: china OR taiwan OR japan OR asia OR asian OR korea
Inclusion and exclusion criteria
Inclusion criteria for studies were that they must be written in English, focus on an older population (aged 65 and older or with an average age above 70 years), include people with a formal diagnosis of dementia, use a validated tool for assessing prescribing appropriateness and characterise PIP, and report prevalence of PIP as an outcome. To manage the scope of this study, we focused the review on studies based on populations from Western Europe, North America and Australia. This also ensured studies included were based on countries with comparable health services to the UK. As our main objective was the retrieval of prevalence estimates, qualitative analyses and literature reviews were excluded.
Study selection
The titles retrieved from a search of bibliographic databases were screened and duplicates removed. Potentially relevant titles were selected for abstract screening; these were then further selected for full-text analysis. The Figure 1 Selection process for peer-reviewed journal articles (Preferred Reporting Items for Systematic Reviews andMeta-Analyses flow chart). PIP, potentially inappropriate prescribing.
full-text analysis produced the final list of manuscripts included in this review. The review process was undertaken by two researchers working independently (JD and KB). No significant discrepancies were identified between the two compiled lists. Screening and review processes, as well as data extraction, were completed using Microsoft Office Excel (2013).
Data extraction and analysis
Data extraction began by identifying general characteristics of the studies, that is, year, country of origin, study design and clinical setting of the study. Next, we summarised results including population size and characteristics as well as prevalence of PIP (ie, percentage) and classification criteria. We also extracted estimates for statistical associations for level of polypharmacy (ie, ORs), and for level of comorbidity and for specific comorbidities. We also extracted the drugs related to the PIP criteria identified in each study (eg, hypnotics and sedative, laxative or analgesics). We calculated prevalence of PIP using random-effect meta-analysis models for each clinical setting. Due to clinical heterogeneity between studies, these were the best estimates we could derive, but they should not be taken as accurate prevalence rates. I-squared analysis was used to test for heterogeneity. The Appraisal tool for Cross-Sectional Studies (AXIS tool), providing a systematic assessment of each study based on 20 components, was used to assess the quality of the evidence (online supplementary eTable1). 32 reSultS
The initial search of bibliographic databases yielded 273 citations, 221 of which remained after removing 52 duplicates (figure 1). Title screening identified 44 studies that were potentially relevant and retained for abstract screening. Of these, 20 studies were selected for full-text analysis, and 12 studies were deemed eligible for this review (table 1) . Of the 12 studies included, nine were published in the past 5 years. The majority of the studies (n=8) were based in Europe, with the remaining studies based in North America (n=2) and Australia (n=2).
Prevalence of PIP
All 12 studies included in this review present estimates of PIP prevalence, although focusing on different settings (four community, four nursing/care home, two mixed, two providing separate estimates for community and nursing/care home patients). There was significant variation between studies, with high clinical heterogeneity and estimates of prevalence ranging from 13.9% to 64.4%. The lowest value of 13.9% was identified by a study focussing only on individuals with mild dementia. Prevalence was lower in individuals living in the community with a pooled prevalence of 31% (95% CI 9 to 52); reported estimates varied from 13.9% to 64.4%. Prevalence of PIP for individuals in nursing homes and specialised care homes was higher with a pooled estimate of 42% (95% CI 30 to 55); the lowest recorded prevalence was 26.9% and the highest 54.9% (figure 2). The two studies providing independent estimates for both groups showed similar results (figure 2). Prevalence in studies not differentiating between care settings was 38% (95% CI 17 to 59) with the lowest at 24.4% and highest at 60.0%.
Methods to assess PIP
In the 12 studies identified, there were 9 different toolkits used to identify PIP, of which 8 were non-dementiaspecific toolkits designed for older individuals in general and one was a dementia-specific toolkit. 21 The dementia-specific toolkit was used in two studies focusing on nursing home patients, although one study complemented it with additional criteria for drug-disease and drug-drug interactions. PIP prevalence for studies using the dementia-specific criteria was 26.9% and 53.9%, respectively. The most common set of generalist criteria used was the STOPP/START criteria, applied in three studies.
Drugs frequently reported as the cause of PIP
The drugs related to the specific PIP criteria were described in all but one study. 33 Here, we summarise the most frequently reported drugs related to PIP in the included studies. Reported medications included those likely related to dementia (sedative and hypnotics (n=10), antipsychotics (n=4), cholinesterase inhibitors (n=4) and antidepressants (n=3). However, PIPs related to drugs used to treat comorbidities of dementia were also identified, including cardiovascular drugs and antihypertensives (n=8), non-steroidal anti-inflammatory drugs (NSAID; n=4), antiacid drugs (n=3), laxatives (n=3), antihistamine drugs (n=2), diabetes drugs (n=2), anti-incontinence including antimuscarinic drugs (n=2), analgesic drugs including opioids (n=1), antibiotic drugs (n=1) and antiepileptic dugs (n=1). Lastly, PIP related to high anticholinergic burden was identified in nine studies. 
Comorbidities
Four of the 12 studies provided a measure of the burden of comorbidity in the individuals studied (table 2) . Three studies used a defined score system to measure the individual level of general comorbidity; Oesterhus et al used the Cumulative Illness Rating Scale, 34 Renom-Guiteras et al used the Charlson Comorbidity index (CCI) 35 and Hanlon et al 2015 used the CCI excluding dementia 36 (table 2) . Of these, two studies describe a positive association with PIP (OR 1.35, 95% CI 1.03 to 1.77 and OR 1.51, 95% CI 1.30 to 1.75) while the third study did not describe a statistical association ( figure 3) . A fourth study, Skoldunger et al 2015, separated the CCI score into four categories, and described an increase in prevalence of PIP alongside an increasing comorbidity score (0=9.5%, 1=15.9%, 2=16.6%, 3-34=26.4%). 33 Only one study compared PIP prevalence in individuals with and without specific conditions, identifying excess prevalence rates in individuals diagnosed with diabetes (+7.6%), hypertension (+8.7%) and depression (+8.3%), but the inverse for osteoporosis (−4.6%) (table 2).
Dementia versus free from dementia
Two studies compared the prevalence of PIP in individuals diagnosed with dementia against those living free from dementia (table 1) . Both identified higher prevalence of PIP in people living with dementia. Skoldunger et al. (2015) reported a PIP prevalence in individuals diagnosed with dementia of 27.3% vs 11.8% in individuals with no dementia, p<0.001). 33 Kristensen et al reported higher prevalence compared with those with no dementia in individuals diagnosed with dementia living in the community (20.4% vs 12.5%, p<0.001), but the opposite for those in nursing home settings (27.7% vs 33.7%, p<0.001). 37 
DISCuSSIOn
Our state-of-the-art review examines the prevalence of PIP among older individuals living with dementia drawing on evidence published between 2007 and 2018, summarises current trends in PIP prevalence, and identifies key gaps in understanding of the role of comorbidities in increasing risk of PIP. There are considerable differences in PIP prevalence rates reported for different care settings and measured by different PIP criteria. Prevalence estimates vary greatly between studies, even within those focusing on similar clinical settings. The included studies provide a broad overview of the current understanding of the state of prescribing for people living with dementia. Studies published in the past decade have identified a high proportion of PIP in individuals diagnosed with dementia. In line with studies focusing on the older population generally, comorbidity and polypharmacy were associated with increased prevalence of PIP (table 2) . [37] [38] [39] PIP prevalence was higher in nursing/ care homes compared with community settings, although with overlapping confidence intervals, driven by possible higher levels of comorbidity and polypharmacy.
The drugs most frequently identified as related to PIP were also similar to those identified in studies focussing on the general older population. 38 39 These can be categorised in two broad groups. A first group includes hypnotics, sedatives, and antidepressants (ie, benzodiazepines and tricyclic-antidepressants), drugs that may be a bigger driver of PIP in people diagnosed with dementia compared with those without, as these are often used to control physical aggression, wandering and sleep disturbances. 40 The same rationale is also applicable to antipsychotics, as increased likelihood of antipsychotic prescription is associated with in-patient settings, diagnosis of vascular or Parkinson's disease dementia and greater severity of dementia. 41 However, a second group was also identified which included a variety of PIP instances related to medications used to treat comorbidities of dementia. PIP related to medication used to treat cardiovascular disease, including hypertension, was identified in eight studies. The studies also identified PIP related to drugs used to treat incontinence and constipation, and to combat infection and manage pain, as well as non-steroidal anti-inflammatory drugs and anti-histamines. This suggests that treatments to manage comorbidities of dementia are also significant drivers of PIP in this group. Importantly, PIP associated with drugs causing high anti-cholinergic burden was identified in nine studies. Drugs with high anti-cholinergic burden include drugs commonly used to treat dementia symptoms (ie, sedatives) and drugs used to treat comorbidities of dementia (ie, anti-arrhythmic and anti-muscarinic drugs). 42 In people living with dementia comorbidities are managed pharmacologically, often resulting in patients being prescribed a large number of medications. 43 44 The frequent use of medication in people living with dementia in combinations that have been known to cause adverse reactions suggests that these individuals are especially at risk of inappropriate prescribing,. 4 22 45 In fact Maidment et al suggest that dementia drives the presence of risk factors for adverse drug reactions. 46 Fox et al proposed that dementia dominates clinical encounters, reducing attention to other comorbidities and thus increasing the chances of inadequate treatment and inappropriate prescribing. 47 The studies included in this review suggest that people diagnosed with dementia are more susceptible to PIP than those not diagnosed. Only two studies compared the two groups, but both found higher prevalence rates in individuals diagnosed with dementia. 33 37 However, in Kristensen et al higher prevalence of PIP in those diagnosed with dementia was found only in those living in the community, with lower prevalence for those in nursing/care homes. 37 The identified prevalence of PIP in people diagnosed with dementia was high, ranging from 13.9% to 64.5%. There is a need to optimise medicines use in this group. The presence of multi-morbidities and associated polypharmacy has long been described as one of the drivers, if not the main driver, of PIP in these age groups. 4 22 46 48-50 This is supported by the findings from this review, as 3 out of the four studies measuring comorbidity showed a positive association with PIP prevalence. [33] [34] [35] [36] However, research on the specific comorbidities, or combinations of comorbidities, driving the risk of inappropriate prescribing remains sparse with only one study providing PIP estimates for selected comorbidities.
Open access
Understanding which comorbidities are associated with higher prevalence of PIP, and how this affects outcomes (eg, ADR) would be a significant next step in optimising treatment of people living with dementia. People living with dementia, particularly those in advanced stages, are often excluded from trials. 27 28 As a result, existing evidence for the pharmacological management of chronic conditions (eg, diabetes) does not fully reflect the needs of people with dementia, nor does it provide conclusive evidence that it improves health outcomes or quality of life. 44 51 52 A 2018 systematic review on management of chronic conditions in people with dementia identified only six studies, covering depression, osteoporosis, diabetes and cardiovascular disease. 44 Of these, the impact of treatment in clinical outcomes was reported for only one condition. 44 The reduced representation of people with more severe dementia in clinical trials is particularly problematic as treatment targets for comorbidities of dementia may need to change as dementia progresses. 29 Further work is necessary to identify the medical conditions driving increased risk of PIP. Identifying the comorbidities, or combination of comorbidities, of dementia that increase risk of PIP can support clinical practice by characterising patient profiles of individuals particularly at risk of PIP that may benefit from a comprehensive geriatric assessment or pharmacological review. Additionally, this could help to prioritise those comorbidities where medical research can have the greatest impact in optimising medication, and improving health outcomes and quality of life, for people living with dementia.
This state-of-the-art review of studies published in the last 10 years indicates that PIP remains a significant issue for people living with dementia, and that the presence of additional comorbidities contributes to the exacerbation of this issue. It remains unclear which specific comorbidities drive risk of PIP. Such information has the potential to inform clinicians and other medical professionals about individuals at high risk of PIP. Moreover, in the absence of clinical evidence on treatment of comorbidities for people with dementia, understanding which comorbidities place individuals at greater risk of PIP can help define priorities for future medical research.
Strengths and limitations
A key strength of this review is the structured approach used to identify relevant studies. We used a set of defined search terms applied to the most widely used databases (eg, MEDLINE, EMBASE and Compendex), ensuring repeatability of the results. The selection process was carried out by two reviewers working independently. In doing so, we aimed to make selection and review a robust process and the inclusion criteria aimed to ensure we identified studies with transparent methodology and sound design. These criteria included a requirement for a formal diagnosis of dementia, validated tools for classification of PIP and clearly stated PIP prevalence.
This review has some limitations. Focusing on the past 10 years of research means we may have excluded important studies published before 2007; however, scrutiny of literature reviews analysed when preparing and executing this review suggests that major findings in the area of PIP and dementia have not been excluded by focusing on this period. 4 13 15 22 Second, by searching only two databases it is possible some relevant studies were missed. The included studies displayed significant clinical heterogeneity, likely arising from different study designs. While we used methods of estimating prevalence for each clinical setting that account for this heterogeneity, we emphasise that the estimates produced should be viewed as a guide that can stimulate discussion and practice development, and not as precise estimates of prevalence. Future reviews focusing on providing more accurate estimates of prevalence rates and relative risks of PIP should adopt more stringent criteria for inclusion.
COnCluSIOnS
Potentially inappropriate prescribing is common in people living with dementia, with PIPs reported related to drugs used to manage dementia symptoms but also to drugs used to treat comorbidities. This review has highlighted that comorbidity and polypharmacy are associated with increased prevalence of PIP in people with dementia, but the specific conditions driving the increase in risk remain unknown. Identifying the comorbidities driving risk of PIP can facilitate targeting of interventions to reduce PIP in people with living with dementia. Further work is necessary to investigate the role of comorbidities in causing PIP and the effects on clinical outcomes.
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